Objectives: This study aimed to examine the psychosocial health status of adult cochlear implant (CI) users, compared to that of hearing aid (HA) users, hearingimpaired adults without hearing aids and normally hearing adults.
Literature indicates that with increasing levels of hearing impairment, psychosocial health outcomes tend to decrease. 7, 8 On the continuum from mild to profound hearing loss, CI candidates are usually at the profound end, as a profound hearing loss is one of the criteria to become eligible for a CI. It could therefore be expected that CI users have poorer psychosocial health than hearing aid (HA) users. There is research, however, showing that CI users score similarly on depression and loneliness compared to HA users of the same age. 9 Indications for less negative outcomes on anxiety and depression for CI users compared to HA users have also been reported. 10 As increased levels of distress and somatisation (ie attributing unexplained somatic symptoms to physical illness and seeking medical help) have also been reported among people with hearing loss, these outcomes may also be different for CI users than for HA users.
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Most studies on CI users' psychosocial health have focused on changes within this group over time (before and after implantation).
Cohort studies including participants with different degrees of hearing impairment and/or devices (HAs or CIs), and studies making direct comparisons between these different groups are rare. One such study found depression scores directly after implantation to be worse among CI users, compared to HA users, but better scores were observed 1 year after implantation. 12 In another study, loneliness symptoms reduced over time after intervention by implantation, but not by hearing aid fitting. 13 Comparing groups of CI users and HA users can provide additional valuable information on the benefits of cochlear implantation.
The aim of this study was to examine psychosocial health of CI users in comparison with those of HA users, adults with hearing impairment without CIs or HAs, and normally hearing adults. To assess the impact of CI use independently of the expected poorer hearing ability in this group, we controlled for the degree of hearing impairment. Psychosocial health outcomes included are as follows: emotional and social loneliness, anxiety, depression, distress and somatisation.
| MATERIALS AND METHODS

| Study design
The Netherlands Longitudinal Study on Hearing (NL-SH) is an ongoing online nationwide prospective cohort study which began collecting data in 2006. 7, 14 The NL-SH was set up to investigate associations between hearing ability and several domains of daily life functioning in an adult population. The participants (aged 18-70 years at baseline) comprise a convenience sample. More details about the study's design and methodology can be found elsewhere. 7 For this study, data collected at the second measurement cycle (between September 2011 and June 2016)
were used. The NL-SH was approved by the Medical Ethics Committee of VU University Medical Center in Amsterdam, the Netherlands.
| Variables
| Hearing-related variables
Self-reported general hearing status was measured by asking: "How would you typify your hearing status?" Answers were "Normally hearing," "Conductive hearing loss," "Sensorineural hearing loss,"
"Conductive and sensorineural hearing loss," "Meniere's disease,"
"Unknown type of hearing loss," "Unilaterally deaf with normal hearing in the other ear" or "Unilaterally deaf with impaired hearing in the other ear." Participants who reported "Normally hearing" were categorised into group (i) normally hearing. All other participants received additional questions about whether or not they used hearing aids or
CIs. The answers were used to create the three other groups of participants: (ii) CI users, (iii) HA users and (iv) hearing impaired: adults with hearing impairment without CIs or HAs. We further refer to these as "hearing group." Groups were mutually exclusive, that is hearing-impaired participants who used a HA were categorised as HA users, while participants who used both a HA and CI were categorised as CI users. Of all participants using HAs, 80% reported to have used their hearing aids, on average, more than 8 hours a day.
The National Hearing Test (NHT) was used to measure the degree of hearing impairment. 15 The NHT is an online speech-in-noise test using digit triplets as speech material. The test uses an adaptive procedure to determine the signal-to-noise ratio at which a listener understands 50% of the digit triplets correctly (ie the speech reception threshold, [SRT] ). For HA users, the aided SRT scores were analysed, because those best represent their hearing ability in everyday situations. Other ear-and hearing-related variables included self-reported onset of hearing loss (congenital, gradual or sudden), duration of hearing loss (in years) and duration of CI or HA use (in years).
groups, the following categories were computed: Emotional loneliness "None" (0-1), "Moderate" (2-4) and "Severe" (5-6), and social loneliness: "None" (0-1), "Moderate" (2-3) and "Severe" (4-5 points).
Other psychosocial health outcomes were measured by the to assess the frequency of certain thoughts, feelings and symptoms, such as: "Did you suffer from pain in the chest?" or "Did you feel that everything is meaningless?" Answers were coded as 0 ("No"), 1
("Sometimes") and 2 ("Regularly," "Often" and "Very often"). Higher scores indicate an increasing risk for having a psychosocial disorder.
According to Terluin et al 17 these scores were categorised into the following risk categories: for anxiety: 0-7 = "No disorder," 8- 
| Covariates
The variables age (in years), sex and educational level were considered covariates as it is known that they can vary with psychosocial health. 7 Educational level was categorised according to the Statistics Netherlands definition into low (not completed primary education, only primary education or completed secondary vocational education), middle (completed higher secondary education or tertiary vocational education) or high (completed higher tertiary education, university of postgraduate education). Duration of hearing loss was also included as a covariate, to take potential adaptation to the hearing difficulties into account.
| Study size
All participants with valid data on the main self-reported hearing status variable were included, which led to a total study sample of 1254 adults. Participants with missing data on other variables were automatically excluded from analyses pertaining to those variables.
| Statistical analyses
First, descriptive statistics such as percentages, means and standard deviations (SD), per hearing group were calculated. Next, to compare
the hearing groups, we tested the associations between hearing group and psychosocial health outcomes, using multiple linear regression models. Each of the six psychosocial health outcomes (dependent variables) were modelled separately, with dummy variables included for the variable "hearing group." The CI users group was the reference category in all models. Separate models were built to compare psychosocial health of normally hearing adults with CI users, because adjustment for SRT does not make sense (aided scores of CI users were worse than scores of normally hearing participants), and duration of hearing loss was not applicable in this comparison. For ease of interpretation and comparability across outcomes, the scales of all psychosocial health outcomes were recalculated to a score ranging from 0 (best outcome) to 10 (worst outcome). Unadjusted and adjusted regression models for covariates were reported. All analyses were performed using SPSS version 22.
3 | RESULTS In addition, all psychosocial health outcomes were modelled again, comparing normally hearing adults to CI users (Table 3) A main strength of this study is the varied population studied.
The sampling strategy, through use of an online survey and diverse sampling channels, covered the whole of the Netherlands. The study population showed a broad distribution across age groups and educational level. Moreover, it is a non-clinical sample and it not only examined depression and loneliness as outcomes of psychosocial health, but also anxiety, distress and somatisation.
| Comparison with other studies
Previous studies also reported that CI users had comparable psychosocial health, 9 and even better outcomes on loneliness than HA In addition, people who underwent cochlear implantation have in general received more hearing care than hearing-impaired people fitted with hearing aids. Receiving care and support can in itself have a strong positive influence on emotional loneliness. 18 Moreover, optimising the use of a CI usually requires intensive training and interaction with healthcare professionals to fine-tune the settings of the device. 3 This training and supervision might make CI users more attuned to their device than HA users, and therefore probably result in more positive outcomes. It should be noted, however, that improvements in psychosocial health post-implantation are not always correlated to improved audiological performance. 19 It is important to note that until adult CI users get their device implanted, they already have had a long patient journey in audiology, as they have usually worn hearing aids first or used other hearing technologies until implantation. The CI users in our sample were on average 57 years old and their mean duration of CI use was 5 years, which means that they received their CI at an already advanced age.
It is possible that after years of hearing impairment (on average 34 years), they may have accepted their situation and adapted to it.
This seems to be supported by the results obtained when adjusting for duration of hearing loss in the regression models, because except emotional loneliness (for HA users and hearing-impaired group) and anxiety (for HA users), no other psychosocial outcomes were found to be associated with hearing group. Furthermore, expectations T A B L E 2 Linear regression associations between groups of adults with hearing impairment and psychosocial health Please note that all psychosocial health outcomes were recalculated to a score ranging from 0 (best outcome) to 10 (worst outcome).
e Anxiety and depression have been transformed (LN) for regression; the numbers presented are back-transformed coefficients and confidence intervals.
about the success of implantation may be partly related to psychosocial health. 20 If their hearing ability after cochlear implantation was even better than expected, then their new situation with CIs and a relatively good hearing ability might be regarded as very satisfactory. 21 For some adults, CI serves as a way to "coming back to life." 22 Yet another explanation for the CI users being less emotional lonely than their hearing-impaired peers (with or without hearing aids) may be their stable hearing status post-implantation. 23 This is in stark contrast to the hearing status of people with hearing loss with or without HAs. It is most likely that their hearing status further declines with age. Whereas it would be expected that this particular aspect of a CI (ie no further decline in hearing status) would have had positive effects on the other psychosocial outcomes such as anxiety, depression, somatisation, distress and social loneliness as well, this was not found in the current study. The absence of significant findings for these outcomes may be due to the small number of CI users in the current study.
| Limitations of the study
The relatively small number of CI users in this sample may have prevented us from demonstrating more significant differences. It may be that inconsistent CI use influences psychosocial health. However, information about the average CI use was not assessed in our study and thus not available. Another limitation is that adults with a CI are a heterogeneous group, making it hard to generalise the current findings to the entire population of adults with a CI. Moreover, this study presents cross-sectional analyses, which might make it unsuitable to pick up on effects that are dependent on the time after implantation. Some positive psychosocial effects of CI use are known to be mainly in the short term while effects on assertiveness and marital satisfaction become apparent only after long-term implant use. 19 Further prospective studies comparing different rehabilitation trajectories in adults with comparable hearing difficulties at baseline are, therefore, recommended.
| CONCLUSION
Even though CI users' (aided) hearing status was significantly worse than that of their hearing-impaired peers, with or without hearing aids, their psychosocial health status was similar or even better. This indicates that the known association between degree of hearing impairment and psychosocial health cannot be considered linear at least not in adult CI users. Even after adjustment for degree of hearing impairment, the level of emotional loneliness was significantly lower in CI users than in HA users. The most likely explanation for T A B L E 3 Linear regression associations between hearing groups (normally hearing vs CI users) and psychosocial health Please note that all psychosocial health outcomes were recalculated to a score ranging from 0 (best outcome) to 10 (worst outcome). 
